The structural gene (rmpM) of the class 4 outer membrane protein of Neisseria meningitidis has been cloned and sequenced. The derived amino acid sequence reveals a 218-amino-acid protein following a 22-amino-acid signal peptide. The protein shows 94.2% homology with protein III of Neisseria gonorrhoeae and shares its two potential disulfide loops. The protein also shares limited homology with Escherichia coli OmpA. N. gonorrhoeae protein III has been shown to elicit blocking antibodies that prevent the killing of serum-resistant strains by immune sera (P. A. Rice, H. E. Vayo, M. R. Tam, and M. S. Blake, J. Exp. Med. 164:1735Med. 164: -1748Med. 164: , 1986). The very close homology of meningococcal class 4 protein with gonococcal protein III suggests that meningococcal outer membrane preparations containing class 4 protein may similarly stimulate blocking antibodies. In order to investigate the role of the class 4 protein in the pathogenesis of meningococcal infection, we have used an erythromycin resistance gene in developing two meningococcal strains that lack class 4 protein.
The structural gene (rmpM) of the class 4 outer membrane protein of Neisseria meningitidis has been cloned and sequenced. The derived amino acid sequence reveals a 218-amino-acid protein following a 22-amino-acid signal peptide. The protein shows 94.2% homology with protein III of Neisseria gonorrhoeae and shares its two potential disulfide loops. The protein also shares limited homology with Escherichia coli OmpA. N. gonorrhoeae protein III has been shown to elicit blocking antibodies that prevent the killing of serum-resistant strains by immune sera (P. A. Rice, H. E. Vayo, M. R. Tam, and M. S. Blake, J. Exp. Med. 164: [1735] [1736] [1737] [1738] [1739] [1740] [1741] [1742] [1743] [1744] [1745] [1746] [1747] [1748] 1986 ). The very close homology of meningococcal class 4 protein with gonococcal protein III suggests that meningococcal outer membrane preparations containing class 4 protein may similarly stimulate blocking antibodies. In order to investigate the role of the class 4 protein in the pathogenesis of meningococcal infection, we have used an erythromycin resistance gene in developing two meningococcal strains that lack class 4 protein.
The poor immunogenicity of the group B polysaccharide capsule of Neisseria meningitidis has led to the search for other exposed antigens, especially outer membrane proteins (OMPs), as new vaccine candidates (8, 9) . Monoclonal antibodies to three of the four OMP classes (classes 1, 2, and 5) of serotype 2 strains are bactericidal and thought to be protective, and an OMP vaccine has been evaluated in a clinical trial (9) . Similar mening6coccal OMP preparations have recently been used in the formulation of malarial circumsporozoite vaccine (12) . The influence of the class 4 protein in these vaccines is unknown. However, it is clear that the class 4 protein of the meningococcus shares the property of reduction modification and cross-reacts immunologically with OMP III of Neisseria gonorrhoeae (13) . Protein III of the gonococcus has been shown (19) to induce blocking antibodies capable of blocking the bactericidal activity of immune human serum against serum-resistant gonococci.
Since the structure and function of the meningococcal class 4 protein are unknown, we decided to clone the structural gene of the molecule. The availability of such a clone would elucidate the homology of class 4 protein and the gonococcal protein III (10) and make possible the construction of genetically engineered meningococcal strains with altered or deleted class 4 protein. MATERIALS (15, 22) in E. coli XL1-blue cells. Inserts of appropriate polarity were identified by the C test (14) . DNA was sequenced by the chain termination method of Sanger and co-workers (20, 21) (18) , not previously used as a marker in neisserial genetics, was ligated into the plasmid construction. The ernC' gene of Bai/llus subtilis is a constitutively expressed gene that differs from ermnC (originally described in Staph/ ococcus aiu -reis) in the coding frame by only five amino acid residues and that acts by specifying an S-adenosylmethionine-dependent 23S rRNA transmethylase (6) . Transformants in E. coli DH5 (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) were identified by resistance to both 50 jig of carbenicillin and 100 [kg of erythromycin per ml. Finally, 4 jLg of plasmid DNA from these transformants was treated with HaelII methylase in the presence of S-adenosylmethionine to methylate the DNA prior to EcoRI cutting and transformation.
Growth curves. Overnight cultures grown on a neisserial typing medium (23) were inoculated into 5 ml of the same medium without agar and supplemented with 0.042% sodium bicarbonate. The suspension of organisms was adjusted to an initial optical density at 600 nm of 0.04 and incubated at 37°C with continuous end-over-end rotation. The optical density at 600 nm was measured hourly for 7 h and after overnight incubation. Growth in the presence of erythromycin was assessed by adding the drug to a concentration of 6 jig/ml. protein of the meningococcus; we propose that the gene for gonocococcal protein III (10) be named rmpG. The derived 240-amino-acid sequence of the protein included a 22-aminoacid signal peptide sequence followed by the 218-amino-acid structural protein (Fig. 3) . At the N-terminal end, the amino acid sequence is identical to the published gonococcal protein III sequence as determined by protein sequence analysis (13) and inferred from the DNA sequence of that protein (10) .
A comparison of the DNA sequences (rinpM and rrnpG) which encode meningococcal class 4 protein and gonococcal protein III (10) shows the differences in predicted amino acid sequences (Fig. 4) . The proline-glutamine-proline-glutamine segment is repeated in class 4 The amino acid sequence homology of gonococcal protein III with the OmpA protein of E. coli and other enterobacteria has been described elsewhere (10) . Likewise, the homology of class 4 protein and E. coli OmpA begins at the proline-rich region of the molecule (Fig. 5) . OmpA has five prolines alternating with six residues of valine or alanine, protein III has an additional three glutamates and one glutamine (10), and class 4 protein has an additional two prolines and two glutamates. The homology of class 4 protein and protein III is continuous from the proline-glutamine repeat to the carboxyl terminus, but a gap of 11 amino acids has to be introduced into OmpA to preserve the homology (Fig. 5) . in E. coli having meningococcal flanking regions but g the class 4 protein (rmpM) gene has been described terials and Methods. This construction is graphically iarized in Fig. 6 . A piliated type 1 meningococcus i M1080) was transformed with 1 ,ug of the EcoRI-cut laeIII-methylated DNA containing the class 4 protein replaced by the ermC' resistance gene. An erythromysistant meningococcus (MIC, >10 ,ug/ml) that lacked ass 4 protein (class 4-) as seen on Western blot was fied by both monoclonal antibody (Fig. 7) the parent strains. The growth curves of the parent and mutant strains of M1080 are similar in the absence of erythromycin (Fig. 8) . However, in the presence of 6 pg of erythromycin per ml, the parent strain is killed (data not shown) and the mutants show a prolonged lag phase of growth. DISCUSSION The structural homology of meningococcal class 4 protein and gonococcal protein III is obvious, and the homoloiy of class 4 protein and E. coli OmpA parallels that of protein III (10) . OmpA is the receptor of certain T-even-like phages (16) . By using ompA mutants resistant to these phages but still producing OmpA protein, the loss of receptor sites for the phages could be determined (16) . The mutational alterations that affected phage binding were clustered around residues 68, 110, and 154 of the OmpA molecule, with another site proposed at residue 25 (16) . On the basis of these data, a model of four surface-exposed portions of OmpA was proposed, with the exposed area farthest from the amino-terminal end extending from residues 166 to 180 of the pro-OmpA molecule (16) . As the homology between class 4 protein and OmpA begins only at residue 195 of pro-OmpA, none of the homologous area appears to be surface exposed. However, the applicability of this model to the pattern of surface exposure of the neisserial proteins remains to be elucidated.
The discrepancy between the apparent molecular weight of approximately 32,000 of native class 4 protein and that of the protein expressed by the cloned and sequenced gene (23, 757 ) is due to the unusual and unexplained electrophoretic mobility of this protein in polyacrylamide in the presence of SDS. Similar electrophoretic mobility has been noted with gonococcal protein III (10) .
The unique susceptibility of complement-deficient individuals to systemic neisserial infections (17) emphasizes the importance of bactericidal antibodies in host defense against these organisms. It has previously been shown (19) Bactericidal antibodies elicited in response to OMP vaccines have provided protection against meningococcal disease in a guinea pig (8) and in a mouse bacteremia model. Protection by OMP vaccination (3) and by passive immunization with OMP-specific monoclonal antibodies has been demonstrated (2) . In humans, convalescent-stage sera contain bactericidal OMP-specific antibodies (24) which have been shown to be directed against protein classes 1, 2, and 5 (27) . The release of outer membrane blebs (5) by meningococci provides a source of intact proteins that has been used as a vaccine following removal of lipopolysaccharide (7) . Administration of a serotype 2 protein and group B polysaccharide vaccine induced small but significant increases in bactericidal antibodies in the sera of children >2 years of age (9) . The relative contribution of the protein, of contaminating lipopolysaccharide, or of capsular polysaccharide to induction of bactericidal antibodies was not determined. Whereas class 4 protein is present in outer membrane blebs, the study by Wedege and co-workers (26) 
